ABSTRACT. A mixed-antigen agar gel enzyme assay (AGEA) was developed to detect antibodies to poxviruses in chicken and turkey sera. The assay combines the principles of immunodiffusion and enzyme assay. For the detection of antibodies to fowl poxvirus (FP), pigeon poxvirus (PP) and turkey poxvirus (TP) in turkey serum samples, the three antigens were combined to form a mixed-antigen assay. To screen for antibodies to FP and PP in chicken serum samples, the two antigens were combined. When FP and PP viruses were combined as antigens, the sensitivity for chicken sera was 64% but the sensitivity of the agar gel precipitation test (AGPT) was 34% (P<0.001). When antibodies were detected in turkey sera using the mixed antigens, the AGEA had a sensitivity of 66.4% while that of AGPT was 25% (P<0.001). KEY WORDS: AGEA, avian, poxvirus.
Fowl pox is one of the oldest diseases of chickens and turkeys. The etiological agent of the disease is a large DNA virus belonging to the genus Avipoxvirus of the family Poxviridae. The disease is characterized by the development of discrete, nodular, proliferative skin lesions on the unfeathered parts of the body (cutaneous form) or fibrino-necrotic and proliferative lesions in the mucous membrane of the upper respiratory tract, mouth and esophagus (diphtheritic form) [19] . The diagnosis of fowl pox has been based on clinical and/or histopathological observations followed by isolation of poxvirus in embryonated chicken eggs for virus identification. Although egg inoculation is simple, the method of diagnosis of pox is time consuming and requires a regular supply of 10-12 day-old susceptible embryonated eggs. Development of a rapid diagnostic technique for screening pox in flocks is thus needed. Serological tests such as, agar gel precipitation test (AGPT) [1, 8, 15, [19] [20] [21] , passive hemagglutination test (PHT) [8, 18] , neutralization test (NT) [4] , and compliment fixation test (CFT) [19] , have been used for detection of antibodies to fowl poxvirus. The AGPT has limitations because it only detects precipitating antibodies for a short period of time after infection. Both the PHT and CFT have not found any favorable use, although the PHT detects antibodies earlier than the AGPT. The NT is not practical for regular use as a diagnostic test. The enzyme-linked immunosorbent assay (ELISA) is a rapid, sensitive, and reproducible serological test [4, 12] , but has low post-vaccinal and post-challenge serological reactions [12] . AGEA has been used to detect and quantitate antibodies to different antigens [5, 7, [9] [10] [11] 17] . The AGEA combines the principles of radial immunodiffusion and ELISA and has been found to be a simple and reliable serological test which requires no specialized facilities or equipment.
In the present study, the development of a mixed antigen agar gel enzyme assay for the detection of antibodies to poxviruses is described. Mixed antigens comprising either fowl poxvirus (FP) and pigeon poxvirus (PP) antigens or fowl poxvirus (FP), pigeon poxvirus (PP) and turkey poxvirus (TP) antigens were used. The sensitivity and specificity of the AGEA were compared to the AGPT.
Chicken embryo fibroblast (CEF) cultures were prepared from 11-day-old embryos of RPRL line 0 chickens, as previously described [16] . Three poxviruses, FP, PP and TP vaccine viruses were propagated in primary CEF cultures. The three viruses propagated in CEF cultures were purified by sodium diatrizoate density gradient centrifugation [14] . Antibodies to FP, PP and TP were produced as previously described [14] . Briefly FP, PP, or TP infected CEF cultures were scraped off plates and sonicated for four cycles; 15 seconds each with 45 seconds of cooling on ice between cycles. A Freund's complete adjuvant was homogenized with an equal volume of the purified virus material. One ml of the homogenate was inoculated intramuscularly into two, 12-week-old specified-pathogen-free (SPF) chicken. The dose per chicken contained the equivalent of approximately 2 × 10 7 FP, PP, or TP infected cells. Following 2 weeks primary inoculation, a second inoculation was given to each chicken. Finally, antigen comprising equal volumes of purified virus material homogenized with Freund's incomplete adjuvant was administered 2 weeks after the second inoculation. Blood samples were collected from inoculated chickens two weeks after the last inoculation and sera were obtained. While antisera produced as described above served for test standardization, sera were also obtained from 10 sham-inoculated chickens and 10 sham-inoculated (adjuvant in phosphate-buffered saline (PBS)) turkeys. Sera from chickens and turkeys inoculated with chicken embryonated fibroblast cells were also included as serum controls. Known positive and negative control sera were from SPAFAS Ltd. (CT). Sera (324 samples) were obtained from commercial turkey breeders vaccinated at 3 weeks of age with FP, PP and TP vaccines according to recommendations of the vaccine manufacturer. Chicken sera (150 samples) samples were from birds experimentally vaccinated at 3 weeks of age with both FP and PP vaccines. All showed 'takes' 7 days post vaccination and blood was drawn two weeks post vaccination. To detect antibodies specific for the poxviruses used in turkeys, purified FP, PP and TP antigens were used as a trivalent-antigen in the AGPT and AGEA. For detecting antibodies in chicken sera, a bivalentantigen comprising FP and PP antigens were used. The antigen concentrations were determined by a spectrophotometer (Spectronic 501/601) at 280 nm. Each purified antigen, as described above, was reconstituted at six different concentrations of 0.1, 0.5, 1.0, 1.5, 2.0 and 2.5 mg/ml in carbonatebicarbonate coating buffer. Coating of antigen was performed as described [4] . In brief, polystyrene petri dishes or plates (60 mm in diameter) were coated with the mixed antigen (2 ml). The optimal coating concentration for each antigen in AGEA was determined by checkerboard titrations as described [2, 3] . In these titrations, dilutions of 1:100, 1:500, 1:1,000, 1:1,500 and 1:2,000 of conjugate (peroxidase-labeled affinity purified antibody to chicken or turkey IgG) was used. The mixed antigen consisting of FP, PP and TP was prepared for screening antibodies in turkey sera but two antigens, FP and PP were combined to detect antibodies in chicken sera. Plates coated with the antigens were allowed to incubate for 1 to 16 hr at room temperature or 4°C. Plates were washed three times with phosphate-buffered saline (PBS) containing 0.05% Tween-20, after which 5 ml of 0.1% gelatin solution or 5% non-fat dry milk was added to each plate to occupy unbound sites on the plates. Plates were then washed three times with PBS, and 5 ml of melted BiTek agar (0.6%) in 8 % NaCl solution was added to each plate. The agar was allowed to harden and the pox antigen coated plates were then stored at 4°C for 24 hr. Serum samples collected from turkeys vaccinated with FP, PP and TP vaccines and from chickens vaccinated with FP and PP vaccines, were absorbed (25 µl) onto round blank antibiotic disks (6 mm in diameter). Disks were carefully placed on the top of gel of the AGEA plates. Known positive and negative serum samples were also absorbed on disks. The plates were incubated for 4 hr at room temperature to allow serum in the disks to diffuse through the gel and react with the poxvirus antigens. After incubation, the gels were carefully removed from the plates. The plates were washed three times with PBS, and 3 ml of 1:1,000 dilution of conjugate was added to each plate. The plates were incubated again at room temperature for 1 hr and washed 3 times with PBS, after which 5 ml of substrate (0.4% 5-Aminosalycylic acid) dissolved in 20 mM of sodium phosphate, pH 6.8, with 1% melted BiTek agar and 0.3% hydrogen peroxide was added to each plate. After 20 min of incubation at room temperature, reactions were read. A dark brown color indicated the presence of antibodies to FP, PP and TP while the absence of a color was considered as a negative reaction or absence of antibodies to any of the poxviruses. All serum samples screened by the AGEA were also tested by the AGPT as described [1, 8, 15, 20, 21] but with slight modifications. Briefly, the AGPT was performed on microscopic slides (3 × 1 in) containing 3 ml of 1% BiTek agar dissolved in 8 % NaCl solution. Wells were cut using a template punch and the antigen (0.1 ml) was placed in the central well. The same concentrations of poxvirus antigens used for AGEA were also used in the AGPT, separately or in combination. Gels were incubated in a humidified chamber and examined after 24 and 48 hr for precipitation lines.
The sera obtained from virus inoculated and un-inoculated chickens and turkeys were used to determine the optimal conditions for these tests. To determine the optimal conjugate concentration for each pox antigen, dilutions of 1:200, 1:500, 1:1,000, 1:1,500, and 1:2,000 of the peroxidase-conjugated goat anti-chicken or anti-turkey IgG were used. The optimal conjugate dilution to detect chicken and turkey antibodies was 1:1,000. The optimal antigen concentration to detect chicken antibodies was 0.5 mg/ml for both FP and PP antigens, but the optimal concentrations to detect turkey antibodies against FP, PP and TP were 0.1 mg/ml, 0.5 mg/ml and 1.5 mg/ml, respectively, albeit 0.5 mg/ml of each antigen also detected antibodies nearly as good as the optimal concentration. Incubation of antigens for 1 hr allowed efficient coating on the plates. To determine the optimal time for a color change after addition of the antisera, 2, 3, 4 and 24 hr of incubation were compared. The best incubation time for a complete color change which is most visible was 4 hr. Furthermore, positive control serum (SPAFAS) raised against FPV produced a distinct, complete color change but there was no color change in areas where negative control serum (SPAFAS) was placed (Fig. 1) . When individual FP, PP or TP antigens were used in the AGPT, 6.5%, 3.4% and 11.7% of the turkey sera were positive for pox antibody, respectively. When the antigens were combined to form a trivalent antigen, 81 of 324 were positive by AGPT increasing the sensitivity to 25%. However, out of the total 324 turkey serum samples tested by AGEA using the trivalent antigen, 215 samples were positive (Table 1) , resulting in a significantly higher sensitivity of 66.4% (P<0.001). When individual FP or PP antigen was used in the AGPT, 12% and 19.3% of the 150 chicken serum samples were positive for pox antibody, respectively. However, when the antigens were combined to form a bivalent antigen, 51 of the serum samples were positive increasing the sensitivity to 34%, whereas using AGEA, 96 were positive (Table 2) indicating a significantly higher sensitivity of 64 % (P<0.001). The AGEA combines the principles of radial immunodiffusion and ELISA. The same principle have previously been reported previously [5, 7, [9] [10] [11] 17 ] to detect and quantify antibodies to equine rhinopneumonitis virus, pseudorabies virus, and Salmonella. In this study serum samples absorbed to the disks diffused effectively through the agar gel and formed an antigen-antibody reaction. While absorption of blank disks with serum samples have an advantage of transporting serum samples for testing, the entire AGEA procedure gives an additional advantage in that it required about 6 hr to complete the test, whereas AGPT takes between 24 and 48 hr. Furthermore, AGEA was found to be much more sensitive when compared with AGPT. Although AGEA could be used to detect specific pox antibodies by employing individual antigens; in this study, it was used by combining two or three antigens in order to assess and screen for pox antibodies in chickens or turkeys previously infected or subjected to combined vaccines. Currently, FP, PP and TP are used to immunize commercial turkeys, and FP and PP to immunize commercial chickens against infection with poxviruses. Although these viruses share common specific antigens, there are still antigenic differences among them as shown by cross protection studies [6, 22] . Such difference in antigenicity may also be determined by the AGEA using monoclonal antibodies. The idea of coating more than one antigen have also been adopted in ELISA in which three serotype specific antigens were used [2, 3] . The sensitivity of the AGEA technique, coupled with its simplicity, makes it ideal for routine use and also for monitoring the immune level of pox vaccinated flocks, and as a satisfactory differential diagnosis of a variety of respiratory, pock lesion producing infections, such as infectious laryngeo-tracheitis (ILT) which are not macroscopically distinct from poxvirus. Furthermore, because AGEA can be quantitated [5, 7, 10, 17] , it may be useful in the differentiation of the immune status of poxvirus infected versus poxvaccinated chickens or turkeys.
